Glucosinolates are anti-nutritional factors present abundantly in the seed meal fraction of oilseed Brassica species. They are found in varying levels among different genotypes. Those genotypes containing less than 30 µmol/ g are considered low/zero glucosinolate type and are preferred for edible purposes due to low pungency. Twenty two different genotypes were taken for the analysis of glucosinolates by spectrophotometry. A regression model was obtained using Ordinary Least Square technique which predicted a formula. Total glucosinolates (µmol/g) = 1.40 + 118.86 × A 425 , where A 425 is the absorbance at 425 nm. The total glucosinolate content obtained by the prediction formula when compared with HPLC data showed a correlation coefficient of 0.942. This high correlation between the two data sets validated the developed methodology. This method also simplifies the estimation of total glucosinolates by excluding the use of HPLC or other sophisticated instruments.
Introduction
Plants belonging to Brassicaceae family are rich in secondary metabolites called glucosinolates. In oilseed Brassica, the de-oiled cake is a rich source of glucosinolates. Upon disruption of tissue, the glucosinolates come in contact with the myrosinase enzyme to break down into isothiocyanates producing its characteristic pungency. In order to reduce the pungency, breeding programmes worldwide are aiming to eliminate glucosinolates in oilseed Brassica. Glucosinolate diversity depends upon the R group which can be an alkyl or alkenyl side group [1] (Fig. 1) . The hydrolysis product of glucosinolates has gained much importance for industries and agricultural sectors as it can serve as antifungal and antibacterial bio fumigant for pest control. [2] Also, it has anti-cancerous properties with enough evidence to substantiate its health benefits. [3] Its antioxidant properties have also been well documented and can have use in food fortification. [4] Apart from this, its pungency and hot flavour adds to the taste, thereby making it a favourite ingredient in cuisines from across the world as oil as well as sauce. On the other hand, its presence in seed meal is considered antinutritional for animals' feed. [5] Hence, reducing the glucosinolate content in seed meal has been a prime objective of rapeseed-mustard quality improvement programmes worldwide.
Screening for low glucosinolate genotypes in mustard growing countries has been going on in conjunction with the efforts to lower erucic acid content in oil below 2% to produce 'double low' varieties. Therefore, development of simple and economical methods for faster screening is the need of the hour. Various screening methods have been documented and used extensively for glucosinolate estimation such as thymol method, [6] Palladium method, [7, 8] Enzymatic release of glucose, [9] ELISA method, [10] tes tape method, [11] thiourea-UV assay. [12] Trubluglu meter method, [13] C-II test method, [14] and HPLC [15] [16] [17] are non-destructive methods by using X-ray fluorescence (X-RF method)- [18] NIR [19] and FT-NIR. [20] In most of the spectrophotometric methods, sample preparation includes desulfation steps which require ion exchange chromatography [21] and incubation steps at 80°C. [10] HPLC method, which is the most accurate technique as far as estimation of individual glucosinolates is concerned, [15] [16] [17] is very expensive due to requirements of huge amount of solvents. In rapeseedmustard breeding programmes, breeders often estimate total glucosinolates content in large number of genotypes from the germplasm. Considering these facts, the present investigation was planned to develop a simple and low-cost method for total glucosinolate estimation. Also, many a times, we need to estimate only total glucosinolates in place of individual glucosinolates which can be done using simple spectrophotometric method. Keeping this in mind, we have simplified the spectrophotometric method for faster and economical estimation of total glucosinolates in oilseed Brassica.
Materials and methods
Seeds of 22 genotypes of Brassica juncea (Indian Mustard) were defatted by Soxhlet apparatus using n-hexane as solvent. The defatted seed meal was dried, and total glucosinolate estimation was done as described below. The genotypes analysed are known to have a wide range of glucosinolate content. The varieties Varuna and Hyola are already known for high and low glucosinolate content, respectively (All India Coordinated research project in Rapeseed Mustard (AICRP-RM) reports [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . HPLC data were obtained as secondary data from AICRP-RM report 2016 as the analysis was done elsewhere using the same biological samples. Spectrophotometric analysis was done in our lab at ICAR-Directorate of Rapeseed-Mustard Research for the same samples/genotypes.
Estimation of total glucosinolate content by spectrophotometric method
Total glucosinolate content data of 22 genotypes as estimated by HPLC method of Kraling et al. [22] was obtained from AICRP-RM report (2016). Spectrophotometric estimation was done using methanolic extract prepared from the same genotypes by homogenizing 0.1 g defatted seed meal in a 2 ml vial with 80% methanol. This homogenate was centrifuged at 3000 rpm for 4 min after keeping overnight at room temperature. The supernatant was collected after centrifugation and made up to 2 ml with 80% methanol. 100 µl of this extract was used for estimation. 0.3 ml double distilled water and 3 ml of 2 mM sodium tetrachloropalladate (58.8 mg Sodium tetrachloropalladate + 170 µl concentrated HCl +100 ml double distilled water) were added to it. After incubation at room temperature for 1 h, absorbance was measured at 425 nm using a spectrophotometer (Labomed UV-VIS Double beam UVD-3500). A brief overview of the procedure is shown in Fig. 2 . A blank was set following the same procedure without the extract. Total glucosinolates was calculated by putting the OD of each sample taken at 425 nm into the predicted formula y = 1.40 + 118.86 × A 425 .
Statistical analysis
The data obtained was analysed using Regression technique using SAS software at Indian Council of Agricultural Research-Indian Agricultural Statistics Research Institute (ICAR-IASRI), New Delhi. 
Result and discussion
Twenty two genotypes were extracted with 80% methanol, and the absorbance was measured at 425 nm after colour development with sodium tetrachloropalladate. Total glucosinolate content estimated by Spectrophotometric method was used to compare with that obtained by HPLC method. To obtain a predicted equation, we applied the simple method of Ishida et al. [24] . Regression models were generated between the absorbance obtained at 425 nm and total glucosinolate content obtained by HPLC (Fig. 3) . A linear regression was obtained with equation Y = 1.40 + 118.86 × A 425 (Fig. 4) ; where 'Y' is the total glucosinolate (µmol/g) and 'X' is the Abs 425 . Using the predicted formula Y = 1.40 + 118.86 × A 425 , 22 advanced breeding lines were evaluated. Total glucosinolate content obtained by the predicted formula was compared with the HPLC results ( Table 1) . A graphical representation is also shown in Figs. 5a and 5b.
In our study, it was observed that absorbance is the most crucial parameter for obtaining a realistic result because individual glucosinolates have different wavelength maxima. In previous reports, absorbance was measured at 405 nm [10] and 520 nm. [23] According to Thies [7] sensitivity of the method was better with a decreased wavelength of 405 nm. Many of the methods were based on this wavelength maximum. [8, 10] According to Thies [7] at 405 nm only the alkenyl glucosinolates like gluconapin, glucobrassicanapin, progoitrin, and gluconapoleiferin are determined; but sodium tetrachloropalladate reacts with all glucoinolates particularly with the indolyl glucosinolates. [7] This could be the reason why we could not, during this study, get values closer to the HPLC data using absorbance at 405 nm. But with 425 nm, the estimation showed better accuracy, and glucosinolate content came closer to HPLC results (Figs. 5a and 5b) .
Sodium tetrachloropalladate reagent was used to develop colour as it is known to form a complex with glucosinolates causing a transitional hyperchromic shift in the visible region. Pd belonging to the group 10 of transition metals of the periodic table is known to have a strong affinity towards sulphur. [7] The glucosinolates upon reaction with Sodium tetrachloropalladate reagent shifts from light brown to dark brown depending upon the presence of glucosinolate molecules. 2 mM concentration of sodium tetrachloropalladate was found to be ideal (Figs. 5a and 5b) . The graphical representation (Fig. 5a Figure 3 . Regression models using Ordinary Least Square techniques, total glucosinolates (µmol/g) was assumed to depend on only one predictor variable A 425 , where A425 is the absorbance at 425 nm. It was seen that total glucosinolates (µmol/g) was statistically significantly dependent on A 425 . Further, the predicted value and observed value of total glucosinolates (µmol/g) was almost overlapping graphically, which validated the relationship obtained using regression analysis.
shows that the estimated total glucosinolates obtained through the predicted equation and the observed data from HPLC are at par. The line runs in similar fashion without much deviation. With this we can say that the developed methodology works satisfactorily. The predicted formula was further confirmed by analysing another set of 23 advanced breeding lines ( Table 2) . As it has been reported by Thies [7] that one palladium will form complex with one glucosinolate molecule, the volume of aliquot taken for estimation is an important factor to determine the success of the method. Ishida et al. [24] and Kumar et al. [10] took different volumes of extract for the estimation. It was found that 100 µl of concentrated methanolic extract gives readings closer to HPLC data (Figs. 5a and 5b) . Also, most of the previous methods used for glucosinolate estimation required conditioning steps such as desulfation [8] or heat treatments. [10] It is realized that the amount of methanolic extract taken is the most important factor as in this protocol other conditioning steps were not required.
The total glucosinolate content obtained by HPLC and that obtained using the predicted equation was compared (Fig. 5a) . A linear regression Y = 1.0251x − 1.00830 was obtained with a correlation coefficient of 0.942 (Fig. 2b) . The regression models (Figs. 3 and 4) validate this methodology as an efficient technique for estimating total glucosinolates. Further, the regression coefficient obtained using OLS is also found to be significant, which was tested using the standard errors coefficient value. Also, the residuals seem to follow random patterns, which satisfy the assumption on which regression equation is based. Further, the histogram of the residuals follows normality pattern, which also satisfies the other important assumptions of regression model. An overview of the protocol is presented in Fig. 2 . As mentioned earlier, the extract preparation is very crucial, and therefore utmost care is needed before quantification, such as avoiding excessive shaking and vortexting of the extract. A brief centrifuge would suffice for good results. Figure 4 . Regression models for prediction formula were obtained by using the HPLC data and their corresponding wet lab (spectrophotometric) data taken at absorbance 425.
Conclusion
The method described here utilizes the complex forming property of glucosinolates and can be used for initial screening of high and low glucosinolate rapeseed mustard lines. The formula predicted using the regression model could be used to estimate glucosinolate content as it was found to be on par with the estimation done with HPLC. Hence, this method can be used by individuals who do not have access to HPLC for estimating total glucosinolate content in rapeseed-mustard meal. Also, the faster screening of genotypes will help in breeding programmes aiming to lower glucosinolate content in oilseed Brassica. 
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